Oral administration of crude fucoidan (CF) extracted from Sargassum polycystum can reduce the impact of White Spot Syndrome virus (WSSV) infection in Penaeus monodon. Crude fucoidan mixed with diet for shrimps weighing of 5 -8 and 12 -15 g was fed before and after WSSV infection. After 10 days of infection, the maximum survival rates of shrimps of 5 -8 and 12 -15 g were 46% and 93%, respectively. The crude fucoidan also inhibited the growth of Vibrio harveyi, Staphylococcus aureus and Escherichia coli at minimal inhibition concentrations (MIC) of 12.0, 12.0 and 6.0 mg/ml, respectively.
Introduction
Brown seaweed (Phaeophyceae) produces families of sulfated fucoidan and other polysaccharide such as fucoidan which is located in the intercellular tissue and most strikingly in droplets that exude from the surface of the fronds (Doner and Whistler, 1973) . Recently, one type of fucoidan, the complex sulfated polysaccharide from the algae Fucus vesiculosus, was found to inhibit human immunodeficiency virus (HIV) in vitro and was synergistic with AZT (Sugawara et al., 1989) . This activity presumably resulted from a direct interaction of the polysaccharide with the HIV binding site on the target cells.
Some marine algae extracts have antibacterial properties (Rao and Parekh, 1981) and one brown seaweed (Sargassum thunbergii) extract shows antitumor activity (Zhuang et al., 1995) ; marine microalgae extract from Dunaliella bardawill and Isochrysis galbana extract are used as an antiviral agent (Fabregas et al., 1999) .
The black tiger prawn, Penaeus monodon, is until now has been the most important aquaculture species in Thailand. However, this position has come under threat as the prawn is suffering now from several diseases. For instance, White Spot Syndrome virus (WSSV) has caused mass mortal among shrimps in the aquaculture of East Asia and Southeast Asia in 1992 and later years Wongteerasupaya et al., 1995; Wang et al., 1998; Nunan et al., 1998) .
This investigation was begun to prevent the impact of such diseases. Marine algae (Sargassum polycystum) was extracted and tested in shrimp culture for antibacterial and antiviral activity.
Material and method
2.1. Extraction of crude fucoidan from S. polycystum S. polycystum (100 g dry weight), collected at Koh Nuh of Songkhla town in Southern Thailand, was extracted three times with 0.1 N HCl at 95 jC for 12 h, then the crude extracts were filtered, dialysed against water, lyophilized and analyzed for fucose content (Winzler, 1971; Doner and Whistler, 1973) . L-fucose was used as the standard.
2.2. Effect of the crude extract of S. polycystum on the survival rate of WSSV-infected shrimps (modified from Takahashi et al., 1998) Healthy shrimps weighing 5 -8 and 12 -15 g were used in this study. Test on both groups were performed separately in duplicate with 15 shrimps each treatment. CF was fed by mixing it with shrimp diet in 100, 200 and 400 mg/kg of shrimp. Crude fucoidan (CF) was fed for 4 days before challenging the shrimp with WSSV. The shrimp were challenged by incubation in the virus solution for 2.5 h. This virus concentration caused the control shrimp to die in 3-5 days. The CF was fed continuously for 15 days. The same diet without CF was fed to the control groups, which were also challenged with WSSV. The shrimp were monitored for 10 days after infection and all mortality were recorded.
The WSSV virus solution was prepared by using gills, heart and lymphoid organ of WSSV-infected shrimp, crushed in K-199 (1% w/v M199, 1.88 M NaCl, 0.06 M CaCl 2 Á2H 2 O, 0.1 M L-glutamine, 9.14 mM Hepes and 10%(v/v) salt mixture which consists of 0.05 M KCl, 0.12 M MgSO 4 Á7H 2 O, 0.16 M MgCl 2 Á6H 2 O and 3.2 mM NaH 2 PO 4 Á2H 2 O, pH 7.3 -7.6) at 1:2 (W/V). The suspension was precipitated by centrifugation at 3000 Â g for 10 min; the supernatant fluid was then centrifuged at 8000 Â g, 4 jC for 30 min, filtered through a 0.45 Am membrane and stored in 15% glycerol at À 70 jC until used.
Phagocytic activity of the CF fed shrimp
Test group was the shrimp weight 12-15 g fed with fucoidan 200 mg/kg of body weight and challenged with WSSV as previously described in Section 2.2. Phagocytic activity was compared with that of the normal diet control group (control group 1) and the shrimps challenged with WSSV (control group2). Haemolymph (0.5 ml) was collected on day 7 of the culture and mixed with 0.5 ml of KC-199 (Itami et al., 1994) . Haemocytes were separated by centrifugation at 6500 rpm at 4 jC, then washed with KC-199. Haemocytes were then suspended f 10 7 cells in 0.2 ml and mixed with 0.2 ml of latex beads (f 10 8 /ml, particle diameter 1.094 Am) on a clean glass slide. The mixture was incubated in a moisture chamber at room temperature for 30 min. The cells were fixed by 2.5% glutaraldehyde for 5 min, after which the nonadherent cells were removed with 0.85% NaCl, then followed by air-drying, and staining with Wright stain. Numbers of ingested cells and ingesting cells were counted from 200 cells and calculated for percentage of phagocytosis, phagocytic index (PI) and average number of the beads ingested per cell (ABPC) 
Effect of CF on antibacterial activity
Escherichia coli (ATCC25922), Staphylococcus aureus (ATCC25923) and Vibrio harveyi (locally isolated from infected shrimp) were used as test organisms. The antibacterial activity was performed by an agar plate diffusion assay (Cappuccino, 1986) . Nutrient agar plates were spread with the test organism of S. aureus and E. coli while nutrient agar plates with 0.85% NaCl added were used for V. harveyi. The discs containing various concentrations of the extracts were then applied on the plates. The zone of inhibition on the test organisms was measured. The minimal inhibition concentration (MIC) was also determined according to Lennette et al. (1974) . Crude extract of fucoidan was diluted in Nutrient broth, after which the organism with a Fig. 1 . Percentage of survivors of shrimps weighing of 5 -8 g were fed with crude fucoidan and infected with WSSV (., fed fucoidan; n, control fed without fucoidan). turbidity of Mc Farland No. 0.5 was added. The tubes were incubated for 24 h at 37 jC and the turbidity was checked.
Results

Extraction of crude fucoidan from S. polycystum
Fucoidan was three times extracted from S. polycystum 100 g and yielded 22.3 F 4.51 (n = 4) dry weight. Crude fucoidan from seaweed was quantified for fucose content by the cysteine-sulfuric method (Winzler, 1971) . The content of the fucoidan was 2.74 F 1.18 g (n = 4) per 100 g dried weight of S. polycystum, which is about the same as that extracted from Pelvetica canaliculata by the same method (Colliec et al., 1994) . 
Survival rates and phagocytic activity of CF fed WSSV infected shrimp
The 5 -8 g shrimps were fed the CF 100, 200, 400 mg/kg of body weight/day before and after being challenged with WSSV. The results indicated that the 4.4%, 14% and 44% of the shrimps survived, respectively (Fig. 1) , while of the group of 12 -15 g, being fed the extract 100, 200 mg/kg of body weight/day, 42% and 93% survived, respectively (Fig. 2) . For shrimps, which did not get CF, 50% were dead 3 -5 days after infection and 100% after 15 days.
Phagocytic activity (Table 1) for the CF fed shrimps with WSSV infection was found to have a higher phagocytic index, a higher percentage of phagocytosis and a higher ABPC than both of the control groups. Therefore, these parameters infer that CF may stimulate immunity in shrimps.
Antibacterial activity test and minimal inhibition concentration
CF of S. polycystum at 12 mg/ml inhibited the growth of V. harveyi, S. aureus and E. coli as determined by the agar plate diffusion method. The zone of inhibition in mm were 13, 10 and 9, respectively. The minimal inhibition concentrations (MIC) of CF from brown seaweed extract, which inhibited V. harveyi, S. aureus and E. coli were 12.0, 12.0 and 6.0 mg/ml, respectively.
Discussion
Although, fucoidan from Cladosiphon okamuranus was reported to control WSSV in Penaeus japonicus (Takahashi et al., 1998) but there was no reported on the activity in P. monodon and fucoidan may act differently in different environments. Furthermore, there are products from domestic plants that will be more beneficial for the farmer. Therefore, S. polycystum which is one of the majority algae species along the coast in Thailand was extracted and investigated for the biological activities against bacterial and viral diseases in P. monodon.
Several methods were used to extract fucoidan from different species, such as Dictyota mertensis, Padina gymnospora and Sargassum vulgare by Maxatase (Dietrich et al., 1995) , Facus vesiculosus, Laminaria brasiliensis and Ascophyllum nodusum by papain (Pereira et al., 1999) , Sargassum horneri by 10% TCA (Hoshino et al., 1998) , and P. Phagocytic index (n = 10) 0.83 F 0.6 0.30 F 0.28 2.36 F 1.28 % Phagocytosis (n = 10) 5.88 F 2.39 3.72 F 1.83 9.1 F 2.0 ABPC (n = 10) 1.98 F 0.41 1.70 F 0.56 2.67 F 0.61
Control 1 was fed with normal diet and without challenging with WSSV; Control 2 was fed with WSSV.
canaliculata by HCl. The yield varied widely, depending on the method used and the plant species. The inexpensive and convenient method, which can be developed for the largescale preparation as HCl method, was used in this experiment. The fucoidan content of S. polycystum was about the same amount as that extracted from P. canaliculata by the same method (Colliec et al., 1994) . CF from S. polycystum fed to the WSSV infected shrimps reduced the mortality rate in both groups (5-8 and 12 -15 g) of the experiment. The mechanism of inhibition of WSSV is unclear. Fucoidan from C. okamuranus was also reported to control WSSV in P. japonicus (Takahashi et al., 1998) but the mechanism of the fucoidan extracted from C. okamuranus were not disclosed. Fucoidan from F. vesiculosus was also found to inhibit the human immunodeficiency virus (HIV) (Sugawara et al., 1989) . In addition, galactan sulfate was found to inhibit HIV-1. The proposed mechanism of inhibition of the virus is that the negative charges of the sulfate group of the polysaccharide bind with positive charges of amino acids at V3 loop of viral envelope glycoprotein (gp 120). The V3 loop is essential for virus attachment to cell surface heparan sulfate, a primary binding, before more specific binding occurs to the CD4 receptor of CD4 + cell. Therefore, the virus could not invade host cells (Witvrouw and De Clercq, 1997) . Since there are variations in the viral envelope glycoprotein therefore may result in different in susceptibility to the fucoidan. The content of sulfate group was reported to affect the cell proliferation of CCL39 fibroblast whereby the content of sulfate higher than 20% reduced proliferation of the cells in a dose dependent manner (Haroun-Bouhedja et al., 2000) . The 7.7% sulfate of the fucoidan in this experiment (data not shown) effectively inhibited WSSV and the sulfate content affects on antiviral (WSSV) activity as previously proposed by Witvrouw and De Clercq (1997) ; therefore, the lower dose may be manipulated by hypersulfation of the fucoidan, or the fucoidan from other sources with a higher content of sulfate are needed.
Furthermore, the fucoidan acted as one of the immunostimulants which increased phagocytic activity of the shrimps fed fucoidan (200 mg/kg of body weight, group 12 -15 g) more than that for the control group. Although the fucoidan can be used as the immunostimulant to control shrimp disease in culture, it may not be effective against all diseases. Therefore, the timing, dosages and methods of administration as well as the side effects are needed to be investigated (Sakai, 1999) .
The crude extracts of several algae were reported to inhibit only Gram positive bacteria e.g. P. gymnospora and Dictyota dichotoma extracts while the Hypnea musciformis extracts showed activity against Salmonella typhosa ParaA ( Rao and Parekh, 1981) , Sargassum muticum extracts inhibited both of marine Gram positive and negative bacteria (Hellio et al., 2001 ). The specific substance in the extracts having antibacterial activity was not identified. The crude extract in these experiment inhibited both of Gram negative (V. harveyi and E. coli) and gram positive bacteria (S. aureus) and was reported according to the concentration of fucoidan. The mechanism of crude fucoidan on antibacterial activity is required to be further studied.
